Abstract Insomnia means difficulties in initiating or maintaining sleep and is commonly comorbid with psychiatric disorders. From being considered secondary to primary psychiatric disorders, comorbid insomnia is now considered an independent health issue that warrants treatment in its own right. Cognitive behavioural therapy for insomnia (CBT-I) is an evidence-based treatment for insomnia. The effects from CBT-I on comorbid psychiatric conditions have received increasing interest as insomnia comorbid with psychiatric disorders has been associated with more severe psychiatric symptomologies, and there are studies that indicate effects from CBT-I on both insomnia and psychiatric symptomology. During recent years, the literature on CBT-I for comorbid psychiatric groups has expanded and has advanced methodologically. This article reviews recent studies on the effects from CBT-I on sleep, daytime symptoms and function and psychiatric comorbidities for people with anxiety, depression, bipolar disorder, psychotic disorders and post-traumatic stress disorder. Future strategies for research are suggested.
Introduction
Insomnia is a common health complaint that means difficulties in falling asleep, maintaining sleep, or waking up too early in the morning [1] . The symptoms of insomnia disorder also include daytime impairment, such as tiredness, and/or distress. Insomnia is frequently comorbid with psychiatric diagnoses [2, 3] and when it is comorbid, it has been associated with more severe psychiatric symptomology [4] [5] [6] and higher odds of new psychiatric episodes (e.g. [7, 8] ). Previously, insomnia was viewed as secondary to a primary psychiatric diagnosis, with the causal assumption that the sleep problems would remit with successful treatment of the primary disorder. Nowadays, comorbid insomnia is viewed as an independent health problem that warrants treatment in its own right, which is also reflected in how diagnostic criteria no longer distinguish between primary or secondary insomnias [1, 9] .
Cognitive behavioural therapy for insomnia (CBT-I) is an evidence-based treatment of insomnia that can be delivered in several formats: as individual therapy, group therapy, internet therapy or self-help (e.g. [10, 11] ). Independent of treatment format, the therapies are usually short and they rarely exceed eight sessions or 2 months. CBT-I includes a combination of behavioural and cognitive techniques in order to change maladaptive sleep habits, to lower sleep-disrupting arousal (cognitive or physiological) and to alter sleep-related misconceptions and thought patterns. Studies have demonstrated that, for primary insomnia, CBT-I is equal to pharmacological treatment in the short-term and has longer lasting effects [12, 13] . Further, a recent meta-analysis indicates that the effects of CBT-I on insomnia comorbid with various medical or psychiatric disorders are similar as for primary insomnia [14] . A related promising finding is that CBT-I has been associated with improvements in comorbid symptomologies, such as depressive severity, thus numerous reviews have focused on the possible extended effects on psychiatric symptoms [15] [16] [17] [18] [19] [20] .
While we acknowledge the contributions made by previous researchers, a new review is warranted to provide an update based on studies that have been published in recent years; many of which take on new types of patient groups and use novel and/or stronger research designs than previously published. There is great variation in how much research has been conducted on the effects from CBT-I on different psychiatric diagnoses, and caution is warranted when generalising to under-investigated patient groups. Thus, our aim was to provide an updated summary (a) of the effects of CBT-I in psychiatric disorders with a particular focus on the following outcomes: insomnia symptoms, domains specific to psychiatric disorders, daytime symptoms and function and (b) to suggest implications for future research.
CBT-I in Psychiatric Disorders

Anxiety Disorders
To date, no trials have been published on the efficacy of CBT-I among those with anxiety disorders and comorbid insomnia. There are, however, some encouraging data that suggest that CBT-I might reduce anxiety symptoms. First, a meta-analysis on the effects of CBT-I on anxiety symptoms showed that the combined effect was small to moderate (Hedges' g = 0.41) [21] . There was a similar effect for those patients that fulfilled criteria for a clinical diagnosis or reported substantial anxiety problems [Hedges' g = 0.47; i.e. post-traumatic stress disorder (PTSD), excessive pre-sleep arousal and high trait anxiety] and those who did not display significant anxiety symptoms (Hedges' g = 0.40). Second, another meta-analysis suggest that internet-delivered CBT-I is moderately (Cohen's d = 0.35) effective in reducing anxiety symptoms, as assessed by validated anxiety scales [22•] . A notable caveat with the second meta-analysis is, however, that the patients in the nine included trials were not exclusively individuals with anxiety disorders or significant anxiety problems. Conclusively, current evidence is very limited and hampers the generalizability of CBT-I to those with anxiety disorders.
Depression
Since 2008, nine randomised controlled trials (RCTs) have investigated the effects of CBT-I on various measures of sleep and depressive symptomology [11, [23] [24] [25] [26] 27 . When depression has been operationalised as scoring above cut-offs on questionnaires and/or allowing mixed psychiatric diagnoses, medium to large treatment effects on insomnia and sleep have been demonstrated, but the results on depressive outcomes are mixed [11, 23, 25] . Two early studies that included patients with major depressive disorder and investigated CBT-I as an adjunct to pharmacological treatment [24, 26] [26] but not the other study, although there was a trend towards an effect [24] . The latter study lacked a followup and the former had only a 4-week follow-up.
In the recent years, four new RCTs have expanded the field by combining thorough clinical assessments of insomnia and depression, and longer follow-ups, with active psychological control treatments (see Table 1 ).
In the first RCT, participants with major depressive disorder and insomnia received either individual CBT-I or self-help CBT-I [27••] . Individual CBT-I was superior to self-help CBT-I and showed large, significant effects on both insomnia severity (ISI: Cohen's d = 0.92) and on depressive symptomology [Beck Depression Inventory-II (BDI-II:
The results had improved further by the time of the 3-month follow-up. Individual CBT-I was also associated with greater improvements on sleep diary measures (Cohen's d = 0.48-1.10). Reliable reductions of at least 7 points on the BDI-II were achieved by 94 % of the participants who had received individual CBT-I compared to 39 % from the selfhelp group. Also, 78 % of those who had received individual CBT-I had remitted from depression compared to 17 % in the self-help group. Six percent in the self-help group reported a definite worsening of depressive symptoms whereas no adverse outcomes were reported for the individual CBT-I group.
In the second study, participants with major depressive disorder and insomnia received therapist-supported internet CBT-I or therapist-supported internet CBT for depression (CBT-D) [28••] . Both treatments showed medium to large post-treatment within-group effects on insomnia severity (ISI: Cohen's d = 0.54-1.06) and depression severity [Montgomery-Åsberg Depression Rating Scale-self-report version (MADRS-S): Cohen's d = 0.74-0.66] and the effects were maintained or increased by the 6 and 12 month followups. However, CBT-I was superior in reducing insomnia but there were no differences between the treatments regarding depression: neither regarding symptom ratings nor clinical assessments after treatment. There was no significant interaction between group and time for any sleep diary measures. At post-assessment, 40 % of those in the CBT-I group expressed a need for further treatment or insomnia, whereas 80 % of those who had received CBT-D expressed this need. There were no significant differences between CBT-I and CBT-D in the proportions of those needing more treatment for depression (68 vs 81 %). Four participants in each group reported adverse events related to treatment or study requirements. CBT-D cognitive behavioural therapy for depression, CBT-I cognitive behavioural therapy for insomnia, CBT-I-BP cognitive behavioural therapy for insomnia-bipolar disorder-specific modification, RCT randomised controlled trial, SH sleep hygiene
In the third study (conducted by the current review's authors with colleagues), participants were randomised to group CBT-I or group relaxation training (RT) [29••] . All participants had insomnia; the majority were diagnosed with major depression whereas the remaining had above 13 on BDI-II and were defined as having subthreshold depression. Posttreatment analyses showed that CBT-I was superior to RT on the ISI (0.79) and some sleep diary measures (sleep onset latency: Cohen's d = 0.42, wake after sleep onset: Cohen's d = 1.06) but there were no significant differences between the groups regarding early morning awakenings, total sleep time or sleep quality. The effects were largely maintained or improved at the follow-up measure. Although CBT-I for comorbid insomnia has been fairly frequently researched on adults, studies on children and adolescents are few. This brings us to the fourth RCT: a pilot study which investigated the effect of individual CBT-I in combination with CBT-D vs sleep hygiene + CBT-D on 12-20 year olds [30••] . Patients had insomnia comorbid with major depression and had follow-ups after treatment and 6 months later. Remarkably, there were no sustained significant differences between the groups on sleep parameters (actigraphy, sleep diary, ISI) or depression questionnaires. As CBT-I was followed directly by CBT-D, any specific effects from CBT-I may have been obscured by the effects from CBT-D. It should also be underscored that the effect sizes were in favour of the CBT-I treatment arm.
Bipolar Disorder
Only one RCT has investigated the efficacy of CBT-I for those with bipolar disorder (see Table 1 ). Inter-episode patients with bipolar I were randomised to either an individual treatment package including CBT-I, chronotherapy and social rhythms therapy (CBT-I-BP) or an active control consisting of psychoeducation [33••] . The results showed that CBT-I-BP was associated with a large effect on ISI (Cohen's d = 1.03), a greater proportion of response to treatment (decrease of 8 or more points on ISI: 68.2 vs 28.6 %) as well as remittance from insomnia (ISI and structured clinical interview: 72.7-73.9 % vs 14.3-41.7 %). The results largely remained at the 6-month follow-up. However, there were no differences between the groups for sleep diary outcomes. Functional impairment and quality of life was assessed but there were no group differences. Regarding bipolar disorder, the CBT-I-BP group had fewer days spent in any bipolar episode at follow-up as well as lower mania/hypomania relapse rates as assessed by structured clinical interviews. Regarding relapse to depression, there was no difference between groups, and there were no difference between the groups regarding relapse to any bipolar episode. Symptom severity of hypomania/mania and depression had not changed significantly after treatment but as patients were inter-episode; this was likely due to ceiling effects. No adverse events were reported even though sleep restriction was used. The results indicate that CBT-I-BP has an effect on insomnia and may have a preventive effect of future manic/ hypomanic episodes.
Potential adverse effects from core behavioural techniques of CBT-I, sleep restriction and stimulus control, have been investigated in a sample of 15 patients with bipolar I and insomnia [36•] . Although a total of four patients reported elevated hypomanic symptoms after the introduction of the abovementioned behavioural techniques, this was unrelated to their total sleep time. Thus, it is implausible that the symptoms were due to any behaviourally introduced sleep deficit. The effects of CBT-I on patients with bipolar II and patients in active episodes are, however, unknown.
Post-Traumatic Stress Disorder
Only two studies have explored the efficacy of CBT-I in those with PTSD and comorbid insomnia [32, 35 ••] (see Table 1 ). In the first study (open trial without a control group), eight patients with PTSD and comorbid insomnia had individual CBT-I [32] . From pre-to post-treatment, CBT-I resulted in improved sleep, as assessed with sleep diaries (Cohen's d = 0.6-1.4), reduced insomnia severity (Cohen's d = 3.2) and depression severity (Cohen's d = 0.91). Objectively measured sleep (actigraphy) was unchanged across the study period. Also, there were no changes on nightmares (Cohen's d range = up to 0.17) or PTSD severity (Cohen's d range = up to 0.12). In the second trial (RCT), patients were randomised to either individual CBT-I or a monitor-only waitlist control [35••] . Relative to the waitlist control, CBT-I was largely superior in improving sleep from pre-to post-treatment and to 6-month follow-up. The improved sleep in the CBT-I group was evident on the majority of subjective sleep diary parameters (Cohen's d = 0.30-1.48), on one objectively measured outcome (total sleep time), on insomnia severity (Cohen's d = 1.59), overall sleep quality (Cohen's d = 1.43) and sleepiness (Cohen's d = 0.67). While 41 % in the CBT-I group fulfilled the criterion for remission of insomnia, none in the control group met the criterion for insomnia remission. Compared with the control, CBT-I also resulted in reductions in disruptive nocturnal behaviours and overall functioning. Both groups reported reductions in PTSD symptoms and nightmares.
Apart from studies investigating the efficacy of CBT-I in isolation, CBT-I has also been used in combination with imagery rehearsal (IRT), a treatment component designed to target nightmares and not insomnia per se [37] . Investigations of combined treatments (CBT-I + IRT) have demonstrated improvements of nightmares, sleep quality and PTSD symptoms [38] [39] [40] [41] [42] [43] . As a whole, combined treatment appears to result in larger improvements than IRT alone [37] .
Psychotic Disorders
Two trials have investigated whether CBT-I is effective for those with a psychotic disorder and comorbid insomnia (see Table 1 ). In the first study (open trial without a control group), 15 patients were treated with individual CBT-I [34] . CBT-I showed a large, significant effect (Cohen's d = 2.3-2.6) on global insomnia measures (i.e. the Insomnia Severity Index and the Pittsburgh Sleep Quality Index) across the study period (post-treatment and 1-month follow-up), and 67-93 % in the sample demonstrated a reliable or clinically significant change. Following CBT-I, the patients also experienced large, significant reductions in persecutory delusions (i.e. ideas of reference, ideas of persecution, and delusions). Between 47 and 67 % of the patients reported a reliable change and 0-33 % a clinically significant change in persecutory delusions. There were also moderate to large decreases in levels of unusual perceptual anomalies (e.g. distortion of the external world and hallucinations), anxiety and depression. All the improvements were maintained at the 1-month follow-up. No adverse events were reported in the trial.
In the second trial (feasibility RCT), individual standard care (i.e. antipsychotic medication and contact with the local clinical team) plus CBT-I was compared with standard care only [31••] . After the intervention phase, the patients were reassessed at post-treatment and 3-month follow-up. Relative to standard care only, CBT-I showed a superior effect on insomnia severity and global sleep quality with medium to large effects (Cohen's d = 0.6-1.9) across the study period. At post-treatment, 41 % in the CBT condition and 4 % in the standard care group showed a marked improvement on insomnia severity. Other sleep parameters, as assessed with sleep diaries and actigraphy, showed small to medium effects in both groups (Cohen's d = 0.1-0.6). There were no apparent group differences over time on delusions, hallucinations, paranoia or total symptoms (Cohen's d = 0.1-0.3). Based on the effect sizes, CBT-I appeared more potent in reducing fatigue and increasing quality of life and wellbeing (Cohen's d = 0.3-0.7). Adverse events were reported but were not considered to be related to study treatment.
Discussion
The purpose of the current paper was to review the effects of CBT-I on psychiatric disorders and to provide suggestions for future research. As we were unable to identify any studies among those with anxiety disorders, our conclusions are limited to those with depression, bipolar disorder, PTSD and psychotic disorders. Across the abovementioned psychiatric disorders, we draw the conclusion that CBT-I, compared to control conditions, clearly reduces insomnia symptomatology, although there were a few exceptions [ Based on neurobiological findings, it has been proposed that if insomnia improves, the comorbid condition should also be improved [44] . Our general conclusion that CBT-I had a limited effect on comorbid psychiatric symptomologies may at first glance seem contradictory to theories regarding insomnia or poor sleep as a maintaining process of psychiatric disorders, but the topic is complex. Although sleep had improved on global measures of insomnia in most of the studies, findings on sleep diaries or actigraphy were mixed. Reporting that one is less troubled by insomnia (as measured by ISI) after treatment may not correspond to decreased objective nighttime symptomology. Rather, a decrease in insomnia-related concern may develop naturally over the course of insomnia [45] or from achieving trustworthy information about sleep. Improvements on global sleep measures only may be insufficient to detect objectively improved sleep. One of the reviewed studies specifically examined insomnia as a mechanism of change [27••] . Mediation analyses indicated a reciprocal relationship between improvements in insomnia and depressive severity as changes on either ISI or BDI mediated changes in the other outcome [27••] . Improvements in insomnia had a stronger effect on depression than vice versa.
We noticed great variations between studies in CBT-I content. In some of the reviewed studies, one of the most potent tools of CBT-I-sleep restriction-had been omitted [31••, 34] ; in other cases, novel treatment components were added to CBT-I, sometimes justified by related research findings or theories regarding specific patient groups (e.g. [33••] ). This makes it more difficult to draw conclusions regarding what the results are dependent upon: the specific combination of components or the specific patient group. One could argue that specific patient groups need adjusted CBT-I (e.g. due to sensitivities for sleep deprivation or belonging to different age groups such as adolescents) but that is an empirical question that remains to be answered by RCTs contrasting 'generic' CBT-I and adjusted versions. Another variation we noticed between studies regarded cognitive techniques. While some articles included detailed descriptions of specific cognitive techniques and what they were used to target (e.g. [33••] ), most studies included vague descriptions. This is problematic as there is a plethora of cognitive techniques that can be used within a CBT-I framework but have varying research support. There are also several rationales behind which techniques to use and for what purpose (e.g. sometimes information is considered a cognitive technique as it is used to counter misunderstandings about sleep, problem-solving techniques can be used to decrease worry, and behavioural experiments can be used to achieve cognitive restructuring). Summarising the findings from studies that have used different CBT-I packages is complicated, especially when there is uncertainty regarding exactly what the treatments included. Clearly, CBT-I is not served in a 'one size fits all' format when it comes to comorbid insomnia. Before customising CBT-I for comorbid patient groups, we need to know more about how effective different components are: alone or in combinations. More detailed descriptions of cognitive techniques are also warranted.
Future Research
This review clearly shows that empirical research on the effects of CBT-I in psychiatric disorders has blossomed in the recent years. There are, however, a number of pertinent limitations in the research area as a whole that we believe need to be addressed in future research. One such limitation is the relatively small number of studies in the area. Two related methodological problems in published studies are also the fairly limited sample sizes and the lack of additional, important outcomes that have not been assessed (e.g. quality of life, overall impairment and costeffectiveness). Another important question for future research is to examine the effects of CBT-I in those with anxiety disorders and bipolar II disorder, two clinical entities that have so far not been explored. A third limitation with current research is that all published investigations, except one [30••] , have recruited and treated participants only from the adult population. Future research also needs to be carried out in children, adolescents and the elderly. A qualitative study that used focus groups with adolescents with comorbid insomnia and depression found indications that specific adjustments may be needed to tailor CBT-I for adolescents regarding both content and format [46•] . A related notion is also the optimal timepoint for using CBT-I in those with psychiatric disorders. For example, should CBT be delivered between episodes [33••] , resulting in potentially smaller effects on psychiatric symptoms due to floor effects, or when patients are symptomatic, possibly enhancing the risk of dropout, non-compliance and adverse events during CBT-I? Another vital area is to validate and employ active control conditions that are both credible to patients and comparable to CBT-I (e.g. in length as well as in dosage of homework assignments and therapist support). An associated methodological problem is also that it is rare that investigators have assessed the patients' adherence or compliance to the CBT-I components, acceptability of CBT-I, perceived usefulness of or general satisfaction with CBT-I and credibility of CBT-I. Another important question for future research is to examine the optimal type of delivery for those with psychiatric disorders, e.g. comparing face-to-face CBT-I with group-delivered, internetbased and self-help formats. We also recommend future research to assess and analyse potential moderators (e.g. severity of the psychiatric disorder) and mediators of CBT-I [47] .
Conclusions
Studies investigating the effects of CBT-I on psychiatric populations are vitally important as insomnia is commonly comorbid with psychiatric diagnoses and the comorbidity has been associated with more severe psychopathology. Encouragingly, the CBT-I research field has grown substantially over the recent years and evolved into investigating new comorbid patient groups as well as utilising more advanced study designs. In this review, we conclude that CBT-I was associated with improved insomnia remission and effects on global measures on insomnia, whereas the effects measured by sleep diaries and actigraphy were mixed. Effects on comorbid psychiatric symptomologies were modest: the greatest effects were found in studies without active control groups and there is only one RCT with an active control that demonstrated superiority of CBT-I on psychiatric symptom severity. A tentative clinical conclusion is that CBT-I can be expected to improve comorbid insomnia but the effects on other psychiatric symptoms are unlikely to exceed the effects from other psychological interventions. Further, the generalisability into clinical contexts is hampered by great variations between the psychiatric disorders regarding the number of studies and methodological quality. We look forward to future developments in the areas of the so far neglected psychiatric populations and age groups, as well as methodological designs.
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